Effective watershed management often demands qualitative and quantitative predictions of the effect of future management activities as arguments for policy makers and administration.
INTRODUCTION
The Han River Basin is located in the middle of the Korean peninsula. The study area is about 20,271 km to each watershed and water body (e.g., Chungju reservoir watershed , Soyang Basin , Kyungan Stream Basin (Hong et al. 2004) , because the dam operation practices is difficult to exactly expression of continuous river and reservoir systems. Therefore, appropriate simulation is necessary not only dam operation but also water flow and quality as well as point and NPS through the whole watershed.
The HSPF has been widely used in watershed management to simulate various hydrological conditions (Albek et al. 2004) ; transport of various NPS pollutants, including contaminated sediment (Donigian & Love 2003) ; and scenarios of land use management and flood control (Donigian et al. 1997) ; Land use change effects and stormwater detention (Zarriello 1999) , evaluate the effects of BMPs on agricultural and urban NPS of pollution (Donigian & Love 2002) , and the effects of wetland restoration on runoff (Jones & Winterstein 2000) . HSPF-paddy is developed for simulating watersheds including paddy fields by modifying the original HSPF model for application of Asian monsoon area containing paddy rice field (Jeon et al. 2007 ).
Understanding and evaluating the natural processes in a watershed leading to impairments and problems are continuing challenges for scientists and engineers. Mathematical models simulating these complex processes are useful analysis tools to understand the problems and to find solutions through best management practices (BMPs). The effects of BMPs can be simulated by the BMPRAC module in HSPF model, which permits the assignment of removal fractions to constituent loads (Donigian et al. 1984) .
The objective of this study was an evaluation of the HSPF model to simulate watershed including dam operation, and its applicability was examined at the large sizable watershed scales.
MATERIALS AND METHODS
The data categories commonly required for HSPF watershed modeling include: (1) topographic data that describe hydrological conditions, (2) land use and land cover data that characterize a watershed's land use practices, (3) soil data that characterize infiltration and erodibility, (4) industry and discharge facility monitoring data that indicate point source discharge frequency and magnitude, (5) weather station data such as precipitation, dew point, cloud, solar radiation, wind, and temperature, (6) flow data that are required for hydrological model calibration/-verification, (7) in-stream water quality monitoring data necessary for water quality model calibration/verification, and These data are saved in the database, with the exception of weather data, which are saved on the hard drive.
The HSPF works with the EPA supported HSPF model (version 12.0; Bicknell et al. 2001) . The HSPF supports a full suite of the HSPF model capabilities including estimation of NPS loading from mixed land uses and simulation of fate and transport processes in streams and one dimensional lake. 
Sub-basins
The Han River is the largest river system in the South Korea, and composed of three major tributaries: the NHR, the SHR and the KS. The HSPF is divided by three important watersheds. Within the NHR Basin, SHR Basin and KS Basin were identified 41, 45 and 7 sub-basins, respectively; on the basis of variation of stream channel networks for the study area, respectively. The area of each sub-basin was determined by delineating along the natural drainage boundary.
Land use
The land uses in the watershed are listed in Table 1 
Metrological data
The HSPF requires eight meteorological time series. 
Point source data
Besides a meteorological time series, the HSPF also requires a point source data. Point source data was calculated using the unit load method, which considers population, livestock, industrial, and wastewater treatment system (NIER 2004). A Point source was assumed annual constant load.
The calculated annual load data was added to the WDM file, which was used in HSPF simulation.
Model simulation
The HSPF model was calibrated using for 8-days period water quality and water flow data (MOE data for Total Table 2 ).
However, water flow data has a limitation because KTMDL data do not contain high flow period. Stream flow data of the ministry of land transport and maritime affairs (MLTM) is available, but these data somewhat differ from the base flow. Thus, the KTMDL water flow data set is only used for HSPF model simulation.
Analytical methods
Statistical analyses were performed to test the performance of the HSPF model by calculating the deviation of the runoff volume measure (% difference; ASCE 1993).
where P i and O i are the predicted and observed values, respectively, and n is the number of values. (Jeon et al. 2006) . (Donigian 2000) .
RESULTS AND DISCUSSIONS

Water flow simulation
The HSPF model was calibrated using observed data for 2004 -2006 . In NT1 -NT9, NT11, ST1-ST4, ST12, ST13, ST16, KT1 and KT2, percent differences were ,10%, and the flow calibration can be judged as "very good" (i.e., ,10%).
The other stations (NT10, NT12, ST5-7, ST9-11, ST14, and Observed (Obs.) and simulated (Sim.) data, ratio (Obs./Sim.), percent difference in the water flow simulation using HSPF.
Best management practices
The first step in restoring or improving the quality of contaminated water is to remove or treat direct inputs of wastewater, NPS pollution, or both. Such sources usually contain relatively high concentrations of organic matter and nutrients. In many cases, reduction of external inputs is sufficient to restore the water body.
The applicability of HSPF was tested to evaluate NPS control scenarios in response to water quality using Table 5 .
Reduction of NPS pollution
The NPS control was assessed by BMPRAC of the HSPF model. The BMPRAC module was designed to simulate the effects of Best Management Practices (BMPs) by applying simple "removal" fractions to each constituent being modeled.
For control of NPS pollution, wet basin and constructed wetland proved to be one of the most popular approaches to urban runoff quality control. The removal fraction and EPA DB range of each treatment system are listed in Table 6 .
The removal fractions were applied in low level than EPA DB range that may not be directly applicable to the environment of Korea because of difference of climate and application technique.
Very complex detention scenarios may be best modeled explicitly by a RCHRES. A single instance of the BMPRAC module handles the transfer of all mass loads from any number of PERLNDs and IMPLNDs to a single RCHRES, as long as the same fractions are to be applied for each land use. Note that the removal fraction (FRAC) is specified independently for each constituent.
The general equations for a removal are as follows: where:
Scenarios description
In this study, each control measure was evaluated, and alternative scenarios are described in Table 7 . The BMPs application for the KS Basin, a total of 30 ha wet basins and 8 ha constructed wetland were designated for NPS control.
The wet basins are useful for storm water control using 1 -2% structure of the total watershed area (Wu et al. 1996) .
The treatment capacity of a constructed wetland showed 1,000 m 3 day 21 ha 21 at the Sukmun constructed wetland in Korea (Ham et al. 2005) . The treatment area is shown in Table 8 . Five percent of the total area was controlled by wet (90) p Removal fraction of BMP application (Bicknell et al. 2001) . 
Scenario 3
Scenario 3 was assumed that NPS control structure was designed using wet basins and constructed wetlands. A more significant reduction of BOD 5 was assessed than point source control scenario, which was shown near 40% BOD 5 removal. The WWTPs effluents were showed high treatment efficiency of organic matters, but usually contained relatively high concentrations of P and N without advanced treatment plants. The reduction of nutrients was shown to be smaller than other with BMPs application. Especially the reduction of TN was relatively low level (about 5%).
Scenario 4
The 
